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ABSTRACT 


Althotch HMX exists tn ycounrvconfornatrona le forms ome 
vy, and 6, in the crystallinecw stare sence Mocs cable polyoma 
at room temperature is the @ form [1]. Therefore,. this form 
was used for this study. 

Kinetic data obtained) trom Yrirterential Thermal Analysis 
(DTA) changes in heating rates and at isothermal conditions 
showed differences in the observed activation energies in the 
three temperature ranges, namely, 473°-506°K, 506°-514°K, and 
above 514°K at one atmosphere. 


Cattculations have been made of the rate of reactions 


a function of time in each of these temperature regimes based 
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upon the best available modei and compared witn the experi- 


mental result. 
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I. INTRODUCTION 


Tetramethylene tetranitramine (HMX) has four poly- 
morphs, a, 8, y, and 6. These are stable at different tem- 
penmature ranges aud fave dit te renemenipace sensitivities. 
The most stable form at normal room temperatures is the 8B 
polymorph. It has been reported that near its melting 
peg, B-HMX obeys a first-order gate law but at lower tem- 
Mematures it obeys the sigmoid pressure-time relationships 
displayed by solids undergoing autocatalysis [2]. For B- 


fix activation energies obtained in this report were: 


Activation Energy 


Temperature °K Keatl/mote 
A/ 32 = S06 - 44.20 
506°-514° O25 


Above 514° 52.65 


Suryanarayana and Graybush [2] also reported a variaticn 
i composition as a funetion of temperature from a mass 


Beectrometric analysis of the decomposition products. 





II. REACTION KINETICS IN DIFFERENTIAL THERMAL ANALYSIS [3] 


Differential Thermal Analysis is the measurement of 
changes in heat content and other thermal properties of a 
material. These Ghanges are mandates ce dah) cede le Ged one ls 
meak or the plot. Jf @ehe réaction vate 1sepropeneiondal Jeo 
momperature, the posmtaon of the peak 1s5"aweera Luncerenson 
temperature. This peak temperature variation can be used 
mor calculate the energy ef activation with the temperature 
femaximunm detlection being the temperature at which the 
meaetron rate 1S greatest. 


Solad > Solid +ecaseredetions Gan bemeGese ri Deauny, 


-E /RT 
| Zoey il da 
= Men x) e 


ae 
os 


cr 


oN 
to 
° 
pH 

<S 


Meathe Cemperature Trrses durin mtene cede enon eWcmacr 
meeron rate dx/dt will rise to a maximum and return to zero 
when the reactant is expended. At the peak d/dT [dx/dt]=0. 
Mmemene temperature rises at a constant rate Gl dt ee eet e meme 


iieacion of (2.1) gives 
| (Jee 


{aT eae 
Ge cbc | alse Pa ldt vole yea a 
dT dt al RT 2 


If the temperature at which the peak deflection occurs is 


labeled i. equation (2.2) can be rearranged to give: 


z |aT 

ele ee ae 
es ee (233) 
RT? 








ine Sw renperacwines Ds is the sample temperature at which 


the peak DIA deflection oceurs |i siesoe vat 


2 = 
a aE nes BED 


ae —~— n(1-x), e (C22) 
a 


From the peak shape of DTA data and comparing it with 
eicormation in Reference 5, it can be predicteme tia: tol 
lows’ the first-order rate law which agrees with the results 


Mmmketerence 2. From equation (2.4) we obtain 


2 s 
aT AR ie: a 
cic ee Ee Ley 
a . 
when n = 1 
halen estne) in reg end differentiating on beth 
T 
| *m 


ain re | 
T2 
mM 
=. ae (2.6) 
d(1/T_) 


Wwe mater of incar/ae /3 versus 1/T_. should give a 
Straight line which has a slope “EL /R Sal Gee ieee elec c erm 
In(AR/E,). 

From Reference 3 the following equation is obtained 


mere che solution of ‘'x'': 


MT A BE) a 


ee NU 
x Read) 
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Lil EXPERIMEN 


De, MATERIAL 

Since the B-HMX fomm iS the mos tus tab lcm ome splicmeoun 
polymorphs of HMX it was used in this work. The. commercial 
salt was purified by recrystallization from an acetone so- 
lution using water precipitation. This was repeated until 
Moetrace of RDX was detectable by thin layer chromatoeraphy 
techniques which use diphenylamine exposed to ultraviolet 


imeeht as the indicators [4]. 


bee APPARATUS 

The apparatus used to study thermal decomposition of 
BenhMX was a ‘du Pont 900 Differential Thermal Analyzer"! 
capable of measuring exotherms or endotherms as a function 
of sample temperature with variable starting temperatures 


and heating rates. 


e. CHANGE IN HEATING RATE 

ini eine DTA measurements the sample of 0.4 mg. of B-HMX 
and also the reference glass beads were loaded in a capil- 
lary tube 2 mm. in diameter. ° The Teac on aten DReceecd smn 
eatmosphere of alr with the change in heating rate at a 
Starting temperature of 220°C, measured by a chromel-alumel 


miermocouple. 


1D. ISOTHERMAL EXPERIMENT 
A time base accessory adapted to the 900 DTA was used 


minordér to change the sample temperature on Ehe X-axis tc 


Ia 





the time scale. The temperatures that were used in this 


experiment were between 505° and 549°K. 


eZ 





IV. RESULTS 


In Figure 1, the sample 8-HMX has been "analyzed" in 
1 atm. of air with a heating rate of 2°C/min. The most 
Significant features are the endothermic and Scents 
process at 192°C and 276°C respectively. The endothermic pro- 
cess is the crystal phase change 8-6 transformation of the 
B-polymorph [6] and it is an irreversible transformation 
wo}. 

Examination of the DIA trace shows that the decompo- 
efte1on of 6-HMX 1s very exoEne rie.) selvese thermal decom=- 
mast tion exotherms also exhibit very smali endotherms 
tech are due to the formation of a liquid phase during 
thermal decomposition and at the phase change 6-6 it aiso 
St@ibits very small endotherms. This phenomenon of the 
formation of a liquid phase during solid state decomposi- 
tion has been observed in the other organic solids [6]. 

Bigune 2 shows the DNA traces on ic me gun ec Oma i 
[5]. 

Figures 3-3A show that the ue values increase with 
tiierease in heating rate. 

ini ERieures 4-12, ‘cumves are showneplotting the venper. 
ature of B-HMX in °K versus time-in-seconds for the heating 
mer Oi5 be O° Se MS? 202s Zab si S. 0 eee Seance aa 
min. From these plots, three separate slopes can be seen. 
These are at the temperature ranges of 473°-S506°K, 506°- 


peak. and above 514°K. 


is 





In Figure 13 the curve ot incaryat / 14) versus 
1000/T is shown for Figures 4-12. From the first portion 


Ofet 7S -OUO AK 15 ois ammo - = 44.20 Kcal/mole. 


SE ey Rit 
dx VS ak 
te = 10 (1-xjex “7 
aT . gpl t, eee 
fale E m 


a 


Feeure 14 shows the data trom Figures) 4-17) tne esceond 


portion of 506°-514°K from which is obtained E, = 63.23 


KMeal/mole. 
dx _ p22 pay 
ae 
AT _ 4922-89 RR. . 72, gam 
ait ie m 


a 


Figure 15 shows the data from Figures 4-12, the result 
of the third portion of the temperature above 514°K from 


which is obtained es = 52.65 Keal/mole. 


Sie on 
dx _ Oy oe a 
dt = 10 (1 x)e 
aT _ 918-67 RR. pe. g pam 
dt le m 


a 


From Reference 2 the mass spectrometric study of the 
thermal products from 8-HMX was found. The observed ac- 


tivation energies reported are 499°-518°K, 45 Kcal/mole; 


14 





518°=541°K,. 10-15 Keal/mole andy541 > —5 355k or ea mele 
by gas accumulation and gas removal to prevent. further re- 
action. Comparing these data with our values: is difficult 
but the general range is good and our values of 44.20 Kcal/ 
mole in the range of 473°-S06°K agrees with the authors' 


value of 45 Kcal/mole in the range of 499°-518°K. 
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V.., DISeCUsSs les 


Reference 2 states: "Several causes for the accelera- 
tion of the decomposition of B-HMX to a comstant rate have, 
therefore, to be considered: 

i Progressive me being as saeeiee <u ere wea cue aera 
peint by the products. 

Vee oc ie Ne aeamee 

3. Autocatalysis by-products, both solid and gaseous. 

4. Acceleration due to structural factors such as am 
merease in the number of nuclei or in the surface area 
analogous to the inorganic solids. | 

bether 1] or 3%@an account forWeme increasmneerate 
which would compensate for the fall in rate as the material 
1S consumed." 

From Reference 2 the observed activation energies on 
the middle range did not agree with the author. Isothermal 
experiments were used to prove activation energies between 
mieo--514°K. An activation energy of 65.79 Kceal/mole was 
observed which agrees with the change in heating rate ex- 
periment and Reference 9, which was found 26 pemnOo emeZ 
Kcal/mole. 

In the isothermal experiment, three different observed 
activation energies are found which are due to the accelera- 
tory Bet HOU nt iee tine hate sc line cme Guncee cs period agreeing 
with Reference 10. These three periods are shown very 


clearly in the temperature range of 505°-514°K, but above 
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514°K only the intermediate period is shown because the re- 
action 1S very fast at high tempéeracuneses) [ie wacuiy2 oro 
energy from the isothermal experiment is 52.67 Kcal/mole 
which agrees with the change in heating rate and with 
eioe bem RODErtSon. | cme 

The calculations were performed on the WANG 700A and 
the IBM 360/67. Intercept and slope in the Figures 4-15 
and the Figures 17-20 were calculated by the WANG 700A nth 
order regression and in the Figures 4-12 the nth order re- 
gression to get the equation T = f(t) was also used. When 
meme cime 1S Known this equation can be used to predict the 
Eemperature Foe a known heating rate. | 

When the decomposition of B-HMX is accelerated, the 
liweeolots show three separate oeaks indicatin: 2 chm@niae ce 
reaction mechanism. This is also indicated by the activa- 
Bilon energy plots which contain three different slopes and 


three different activation energies. 
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TABLE Il. 


Tempera tune sbecwecne Ogun sen 


or Th = 6 Deviation 

Experimental °K Cale ae From Experiment 
0.0146 537 0.0129 11.64 
OF0212 543 0.0254 = Om 
0.0288 545 Ovens - 10.42 
0.0406 ey 0.0396 2.46 
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TABLE III. 


Temperature above 514°K 


ot i is 4 Deviation 
Experimental ek Calculation PO Exe Gaimemt 
0.0229 Besie9 O02 27 0.87 
0324 542.5 O20 ie be 54 
0.0386 cee 0.0418 - 8.29 
0.0517 54 aw 0.0493 4.64 
me 55 / SUS 070GG7 qos 
H0625 4 oie 0.0626 ce 
02-0703 S50 0.0667 oy LZ 
0.0858 50155 G2O7 si 14.80 
0.0929 554.5 0.0958 = ney LZ 
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[SO ZOO 250 300 °C 
Figure |. The DTA traces of B-HMX 


~ (experimental) at | atmosphere, heating 


rate 2°C/min shows endotherm at A 
and exotherm at Ge 











Figure ce. Ime DIA traces of a7 ei7,5— 
HMX using a heating rate 6°C/min 
and a flowing (10 liter/h) atmosphere 
of dry He [5]. | 
Sample: a (15mg) | 

B (15mg) 
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avi at different rates: 


F: heating rate = 3.0° C/min. 
G: heating rate = 3.5° C/min. 
H: heating rate = 4.5° C/min. . 


|: heating rate = 5.0° C/min. 
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TABLE IV-A 


Temperature 505°-514°K 


ISOTHERMAL EXPERIMENT 


ACCELERATORY PERIOD 


ms aT Ki cal tien Hea ee 
505.0 9083x104 .9113x10°* - 0.33 
506.25 .9528x10°*  .1077x10°2 = -:13.04 
507.5 Mostpakiers ological) « 3.42 
509.0 | .1825x10°> ~—-.1550x10"° 15.07 
Silas .2121¢8l0°- _-, 2152s ee 
Ea .2694x10°”  .2616x10°° 2.89 
514.0 276380 ° " 2ogeesion- eae 
ky = 1042: °9 Pac a from Figure 17, ES = 67.86 Kealle@mole. 
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TASTE 8 


Temperature 5$05°-S14°K 


ISOTHERMAL EXPERIMENT 


PGE RMEDIATE PERTOD 


ook k,, Ko cal 6 Deviation 
from Ex pe mine me 
505.0 .4631x10.°  .4818x10°> - 4.04 
Gn 25 .5800x10°> .5674x10~> aie 
507.5 .6607x10 ">  [6676x1105>) | = laa 
509.0 .  .8248x10°>  .8106x10~> Ieee 
Bel. 5 1169x1077 = .1117x107? 4.45 
513.0 1371x102 .1353x1077 lest 
514.0 1443x106 - sss ice Ge 
nS Meo: a from Figure 18, E, = 66.42 Kcal/mole. 
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DIR egelaeae 
Temperature 505°-514°K 


ISOTHERMAL EXPERIMENT 


DECAY PERIOD 


° % Deviation 
a Me eau From 2 xpe Lanier 
505.0 -2404x10°°  .2422x107> ms 
506.25 .2995x10°~  .2829x10°> a7) 
507.5 .3170x10"°  .3301x107> ae 
509.0 .4140x10°° .3969x10°° 4.13 
eal. 5251x100 Scone eas 
513.0 6532x10° .6456x10°° 1 ie 
514.0 7441x102  .7282x107> 2.14 
-E_/RT 
k. = ee e @ ; from Figure so, Eo = 65-09 Keay momter 
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TABLE V. 


Temperature 516.5°-549.0°K 


ISOTHERMAL EXPERIMENT 


INTERMEDIATE PERIOD 


© 


6 DeViation 


ak ko Kena From Experiment 
ealens 0.7245x10°" 0.7440x10~> - 2.69 
529.0 ~ 9.2736x10°* 0.2502x107” GG 
536.5 0.4868x10 7 0.5040x10°* = - 3.53 
eis 0.7094x10°2  0.7954x107~2 eae 
549.0 0.1653x10 + 0.1552x10 6.11 
-E /RT 
k = ie e @ , LOM) Fagumewz. ES = 52.67 Kcal/mole 
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APPENDIX A 


Temperature between 473°-506°K 


For known T., dT/dt = ro'>:@+. R_.. 72 24 alte 
m ES m 
E. = 44,20 Kcal/mole. 
se dT/dt is dT/dt 
536.00 -1983381531llex-O1 540.75 © 2906642678 70ex-01 
266.25 © 202401605280ex-01 541,00 ~29651648251lex-01 
536.50 » 20654449 3279ex-01 541.25 © 302481084239ex-01 
moO. 7) -210768293901lex-01 541.50 - 3085601246 34ex-01 
m7 . 00 ~215074509914ex-01 Does > - 31475569081 7ex-01 
e729 ~2194646704 78ex-01 542.00 -321069905809ex-01 
Bo? .20 .223940331741ex-01 Dawe e »327504929568ex-01 
py. /5 ¢228503077087ex-01 Jeno © 334062958762ex-01 
538 .00 ©233154517670ex-01 542.75 ~340746228424ex-01 
pee. 25 © 237896293008ex-01 543.00 ©3475570115 70ex-01 
538.50 © 242730071109ex-01 DH. oo ~ 35449 762061llex-01 
538.75 © 2476575492 74ex-01 ~ 243550 © 361570407417ex-01 
537.00 ©252680454520ex-01 I3a So ~368777764288ex-01 
Ho's 25 © 257800543858ex-01 544.00 ©3/6122124525ex-01 
pe. 00 -2630196051lllex-01 D44ico - 383605963090ex-01 
539.75 ~268339456969ex-01 944.50 .39123179710lex-01 
aa0.00 ~273761950143ex-01 544.75 -399002186962ex-01 
540.25 ~279288967160ex-01 545.00 ~-406919736417ex-01 
540.50 ©2849 22423576ex-O01 Daa ges ©414987093897ex-01 
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T i 


m aly de m aaly/ at 
545.50  .423206952865ex-01 550.25  ,612297202640ex-01 
545.75  .43158205243lex-01 550.50 .624208955924ex-01 
546.00  .440115178487ex-01 550.75  .636341574219ex-01 
546.25  .448809164045ex-01 551.00 .648698946850ex-01 
546.50.  .457666890403ex-01 551.25 .661285028239ex-01 
546.75  .466691287513ex-01 551.50 .674103838180ex-01 
547.00 .47588533505lex-01 551.75  .687159463479ex-01 
547.25  .485252062905ex-01 552.00  .700456058993ex-01 
547.50 .494794552516ex-01 552.25  .713997848059ex-01 
547.75  .504515937042ex-01 552.50  .727789124540ex-01 
548.00 .514419402494ex-01 552.75 .741834252926ex-01 
548.25  .524508188705ex-01 553.00  .756137670110ex-01 
548.50  .534785590074ex-01 553.25 .770703886513ex-01 
548.75 ~545254956182ex-01 - 5530 »/85537486905ex-01 
549.00  .555919693153ex-01 553.75  .800643131343ex-01 
549.25  .566783264057ex-01 554.00 .816025557253ex-01 
549.50  .577849190178ex-01 554.25  .83168957974lex-01 
549.75 .589121051830ex-O01 554.50 .847640092937ex-01 


550,00 ~600602488984ex-01 





AP Bis Nov sleXeeees 


Temperature between 506°-514°K 


For known TO? Gly ae 1924-89, f ‘ ie ° eal RT 
E. = (05 425 Kcal/mole 
qh dT/dt Th dT/dt 
537.00  .129288972052ex-01 541.50  .215119410159ex-01 
537.25 .133027492434ex-01 541.75  .22123711845lex-01 
537.50  .136870545695ex-01 542.00  .22752301713lex-01 
537.75 — 140820953405ex-01 542.25  .233981568832ex-01 
538.00 ~14488161049 5ex-01 542,00 -240617349989ex-01 
538.25  .149055487260ex-01 542.75  .247435054120ex-01 
538.50  .153345630870ex-01 543.00  .254439494200ex-01 
538.75 .157755167657ex-01 543.25  .261635606090ex-01 
539.00 .162287304999ex-01 543.50  .269028451162ex-01 
539.25  .166945333113ex-01 543.75 .276623219585ex-01 
539.50  .171732627450ex-01 544.00 .284425233300ex-01 
539.75  .176652650589ex-01 - 544.25 —° .292439949623ex-01 
540.00  .181708954480ex-01 544.50  .300672963888ex-01 
540.25 .186905182566ex-01 544.75 .30913001348lex-01 
540.50 .192245072238ex-01 545.00  .317816980814ex-01 
840.75 .197732457059ex-01 | 545.25  .326739897217ex-01 
541.00  .203371269022ex-01 545.50 .335904946328ex-01 
541.25 .209165541249ex-01 545.75  .34531846780lex-01 


a2 





Tn dT/dt qT, dT/dt 
546.00  .354986961239ex-01 550.50  .581095254383ex-01 
546.25 .364917089739ex-01 550.75 —.597086579399ex-01 
546.50  .375115684348ex-01 551.00 .613503113220ex-01 
546.75 » 385589747716ex-01 Dees ~630355761312ex-01 
547.00 39634645849 3ex-01 551.50  .647655697993ex-01 
547.25 .407393175207ex-01 551.75 — .66541437351lex-01 
547.50 .418737441262ex-01 552.00 .683643520174ex-01 
547.75  .430386988533ex-01 552.25  .702355158988ex-01 
548.00 4423497427 70ex-01 552.50 .721561606815ex-01 
548.25 .454633827467ex-01 552075 .741275483043ex-01 
548.50 .467247569331Lex-01 553.00  .761509716855ex-01 
548.75 .48019950251lex-01 - §53.25 .782277554608ex-01 
549.00  .493498374134ex-01 553.50 .803592566862ex-01 
549.25 .507153149045ex-01 553.75 .825468656964ex-01 
549.50 .521173015047ex-01 554.00 .847920067558ex-01 
549.75 53556738831 7ex-01 | 554.25  (,.870961390088ex-01 
550.00 .550345918743ex-01 554.50 .894607571429ex-01 


a0.25 ©265518495997ex-01 


oe 





APPEND Ieae 


Temperature above 514°K 





On te mioni Ta? dT/dt = On cee A. . es °: a 
a 
Ee = 52.65 Kcal/mole. 

Mh dT/dt Th aT/dt 
538.75  .223746688366ex-01 543.25 gpsh19d 26217 05exs09 
539.00  .229121968118ex-01 543.50  .349992295378ex-01 
539.25 .234621319673ex-01 543.75 —messe255anq0ssene0d 
539.50 .240247487940ex-01 544.00 .366705812033ex-01 
539.75  .246003275887ex-01 Sid 25 MesT sae7 TOU enon 
540.00 .251891545656ex-01 544.50  .384185198216ex-01 
540.25 .257915219805ex-01 544.75  .393222535702ex-01 
540.50  .264077282528ex-01 545.00 .402464046337ex-01 
540.75  .270380780769ex-01 545.25  .411914149401ex-01 
541.00 .276828825787ex-01 545650  Weemiisnaapseeile 401 
541.25  .283424594141ex-01 545.75  .431458267992ex-01 
541.50 .290171329122ex-01 - 546.00 .441561586226ex-01 
541.75  .297072341949ex-01 546.25  .451892105622ex-01 
542.00 .304131013396ex-01 546.50 .462454720816ex-01 
542.25  .311350795055ex-01 BGs aE VEAROYaNy Grae 

542.50  .318735210598ex-01 | 547.00 .484296321498ex-01 
542.75  .326287857437ex-01 547.25 .495585607500ex-01 
543.00 .334012408110ex-01 547.50  .507127594161lex-01 


54 





rr dT/dt Th Gly Ge 
a. D 91092769952 3ex—01 Dre « 782354990822ex-01 
548,00 © 930991452937ex-01 SoZ -800250182024ex-01 
548.25 »24332449646lex-01 D2 -818538288519ex-01 
548.50 02 95932587842ex-01 553.00 ©837227570243ex-01 
a0, /5 -268821601939ex-01 553620 ¢856326453302ex-01 
549,00 © 281997534123ex-01 DDS DU «© 875843532827ex-01 
oe 25 .595466501210ex-01 553.75 .895787575765ex-01 
pao. 50 6092 34745243ex-01 50 ©916167524747ex-01 
me ./5 -623308634746ex-01 554.25 -936992501278ex-01 
550.00 -637694667803ex-01 554.50 ¢958271809103ex-01 


oe .25 ~652399474629ex-01 
230.90 © 667429819794ex-01 
oe0.75 -682792604838ex-01 
dor. 00 -6938494871036ex-01 
I. 25 «714543802259ex-01 
551.50 « 730946727435ex-01 
me. /5 © 74771112311llex-01 


pe. 00 » 764844617155ex-01 


aS 





APPENDIX D 


For temperature between 505°K-514°K (acceleratory period) 


ae 
05/..00 


505.25 
505.50 
505.75 
506.00 
506.25 
506.50 
506.75 
507.00 
507.25 
507.50 
507.75 
508.00 
508.25 
508.50 
508.75 
509 00 
509.25 


JOR 0 


aa 


E 
a 


ai 
-911304602995ex-04 
©942315077286ex-04 
~974348546887ex-04 
~100743768016ex-03 
~104161615502ex-03 
~107691868717ex-03 
.111338106142ex-03 
-115104016395ex-03 
- 1189934014 78ex-03 
~123010180056ex-03 
~127158391079ex-03 
0131442197141ex-03 
»135865888307ex-03 
~140433885792ex-03 
~14515074589lex-03 
~150021163795ex-03 
~155049977910ex-03 
~ 1602421739 3lex-03 


~165602889100ex-03 


LO 


67.86 Kcal/mole. 


Zea 


96 


cee 
ee 


ik 
500m» 
510.00 
LOR 25 
510,50 
510215 
511,00 
51S 
a1 e 
Slee 
5 N27 80 
ae 
ie) 
SL 105) 
Ds e00 
513625 
513850 
JIS oD 


514.00 


Tl 
~171137416866ex-03 
©176851211276ex-03 
~182749891758ex-03 
~ 18883924 7867ex-03 
01951252444 27ex-03 
2016140264 76ex-03 
. 208311924697ex-03 
© 215225460492ex-03 
©222361351913ex-03 
«2297 26519235ex=013 
©237328090723ex-03 
© 245173408816ex-03 
~293270036116ex-03 
-261625762086ex-03 
©270248609204ex-03 
-279146840185ex-03 


© 288328964329ex-03 


©297803745221ex-03 





For temperature between 


lee K 
505.90 
BOs). 25 
Ba. 20 
BUS. 75> 
506,00 
BUG. 25 
506.50 
506.75 
507,90 
BIg? 25 
507.50 
sy. 75 
508.00 
mG. 2° 
508,50 
508.75 
9. (0 
po. 25 


509,50 


coe 


E 
a 


sy, 


-481844357201lex-03 
~49788720985 $ex-03 
2914447537937ex-03 
~531541487831ex-03 
© 249185692775ex-03 
~567397286355ex-03 
.586193917940ex-03 
-605593766593ex-03 
©625615556912ex-03 
°646278574822ex-03 
-667602683955ex-03 
-689608341860ex-03 
»712316617275ex-03 


o / 357492082 sex=03 


S05 5 Ik 


10 


66.42 Kceal/mole. 


.759928459245ex-03 


«78487738074 2ex-03 
-81061966784lex-03 
~837179719686ex-03 


-864582660179ex-03 


a 


£02.45 
eC 


eek 
509.75 
510.00 
510.25 
510.50 
510.75 
511.90 
511.25 
511.50 
511.75 
512.00 
512.25 
512.50 
512.75 
513.00 
513.25 
513.50 
513.75 


914,00 


(intermediate period) 
~E,/RT 


i 


.892854358520ex-03 
9220214501 24ex-03 
95211135864 2ex-03 
.983152319590ex-03 
.101517340123ex-02 
.104820453035ex-02 
10822765156 9ex-02 
.111742107328ex-02 
.115367085165ex-02 
.119105945904ex-02 
.122962149003ex-02 
.126939255370ex-02 
.131040930264ex-02 
~135270946056ex-02 


6396331 65550ex=02 


~144131644853ex-02 


~148770436618ex-02 


«1535537934 20ex-02 





For temperature between 505°-514°K (decay period) 


fie Kk 
905.00 
505.25 
B05, 50 
905.75 
506.00 
BO6.25 
306.50 
506.75 
307.00 
B07 .25 
| ony). 50 
p07. 75 
508,00 
BOS. 25 
508.50 
508.75 
Be), 00 
bO?.25 


5909.50 


k = 10 


(14 
il 


Se 
© 242190279609ex-03 


.249843332536cx-03 
©257730286007ex-03 
.265858042599ex-03 
.274233701601ex-03 
28286456366 9ex-03 
.291758136892ex-03 
© 300922142125ex-03 
.310364518999ex-03 
.320093431746ex-03 
~330117275298ex-03 
.340444681636ex-03 
.351084526224ex-03 


«3620459 34460ex-03 


37333828884 2ex-03 


« 384971235359ex-03 
~396954691205ex-03 
-409298851397ex-03 


«422014197166ex-03 


2362 


a0 


-E/RT 
e 


63.09 Kcal/mole. 


dak 
D090. 75 


510.00 
510.25 
Sle 56 
510.75 
511.00 
511.25 
5 eso 
Sele S 
5206 
Biles 
512050 
512s 
513.00 
Eien 
513.50 
513.75 


914.00 


k 
-435111502853ex-03 
-448601844163ex-03 
-462496606374ex-03 
~476807492454ex-03 
©491546531570ex-03 
-506726088071ex-03 
»522358870100ex-03 
~923845793904lex-03 
~955036719059ex-03 
-572109006686ex-03 
- 98968898008 2ex-03 
©607791210507ex-03 
-626430671731lex-03 
©645622751264ex-03 
-665383260915ex-03 
-685 72844847 3ex-03 
«706675008 825ex-03 


¢/728240096375ex-03 





APPENDAGE 


For temperature between 514°-554.5°K (intermediate period) 


. = pl beheege ae 
ES = 52.67/79 Keak, moles 
Bok k Tak 7” 
514.00 .579649357830ex-03 518.25  .884778435032ex-03 
514.25  .594365325615ex-03 518.50 .906869572309ex-03 
514.50  .609440049372ex-03 518.75  .929490186551ex-03 
514.75  .624881906326ex-03 519.00  .952652428724ex-03 
515.00 .640699460655ex-03 519.25  .976368716308ex-03 
515.25  .656901467545ex-03 519.50 .100065173795ex-02 
a5. 50 .673496876624ex-03 519.75 .102551446022ex-02 
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AP PE Nee 


PROCEDURE TO OBTAIN THE OBSERVED SELF-HEATING RATE. 


There are three kinetic laws which have been advanced to 
account for the three different parts of the Gurvemobeamea 
lWnder isothermal conditions. These laws fall ime cic aen 


Pypes, namely [10]: 


T = ko tae for the acceleratory period 
Int p—7 = kt fou5 for the intermediate ered 
In T = kt +e for the decay period . 


i For the acceleratory pemi od ele mobs cnc cmc mes 


Meating rate was obtained from the plot of 7 versus ces 


inen the lone oe 


is the observed@sett-neatine race 
Meeeiat temperature. 

Veeror the intermediace neriod, hie w Obstet, 7 cd eo cllmine 
ieating rate was obtained from the slope of the plot 
In[T/(T;-T)] versus time(sce)e 

3. For the decay period, the observed seli-heatimne 


‘rate was obtained from the slope of the plot in T versus 


time(sec). 


64 





a0 . 


LIST OF REFERENGES 


Cady, H. H., Larson, A. €., and Gromer] soe eee 
Crystallographica, 16,961) pebooce 


Suryanarayana, B., and Graybush, R. J., Industrie 
Chimigue Belge, Brussels, Vol. S2.(spec sno ee) 
1967. 


Kissinger, H. E., Anal. Chems, Z29R@i 07 ete 


DF erent pg ele net 


Saunclair, J. E., Explosivstotte Nagel, 2) Soop 


Maycock, J. N., et al, Phys. Statue (cto eoe 


Garner jeKe E., Bd. Chemistry Orgemegoo ide otaeeo 
Butterworth's ScientifieG Publicarcwen. Lendon te 
S55. 

Wendlandt, W. M., "Thermal Method of Analysis," 
Chemical, AnalysisjV. 19; Interscience Pubisene nse 
on eee 9.64 . 


Robertson, A. J. B., Ivansekanadaye sce.) sm oormelorcEn 


Maycock, J. N., et al, ExXpllosijs Gem ne Gee ep eon 
SiG 9. 


Hughes, M. A., Thermal @Amaliyonc oe omen olse 


65 





INITIAL DISTRIBUT lON Seam 


Defense Documentation Center 
Cameroons vat len 
ALe@Xandria, Virginie 2 Ao 


[PD ad yee olale 9) 2187 
Naval Postgraduate School 


Monterey, California 93940 


Professor James E. Sinclair, €ede S:e3 

Naval Postgraduate School 

Department of Material Sevence and 
Chemistry 

Monterey, California 953940 


Naval Air Systems Command, ATT: (aDR- ohtyg! Ter 
Department of the Navy 
Neashington, D. C. 20360 


bie {}@) Weera Hoondee Rn 

Ordnance Department, Royal Thai Navy 
pemlosive Division 

Bangkok, Thailand 


66 


No = Copies 








UNC EAS piles 


Security Classification 
= =< no ‘i E a rs o —2 m= 


DOCUMENT CONTROL DATA-R&D 


(Security Classilication olf title, body of abstract and indexing annotation must be entered when the overall! report is classified) 
2a. REPORT SECURITY CLASSIFICATION 
2b. GROUP 








1 ORIGINATING ACTIVITY (Corporate author) 


Naval Postgraduate School 
Monterey, California 93940 













3 REPORT TITLE 


THE THERMAL DECOMPOSITION OF 8-HMX 





4. DESCRIPTIVE NOTES (Type of report and inclusive dates) 


Master's Thesis, June 1971 


5. AUTHORIS) (First name, middle initial, last name) 





Weera Hoondee 








6. REPORT DATE 


ehu3e—1-9-71 


Im CON eG, OR GRANT NO. 


7a. TOTAL NO. OF PAGES 7b. NO. OF REFS 
| 68 10 | 


9@. CORIGINATOR'S REPORT NUMBER(S) 





b, PROJECT NO. 





c. 9b. OTHER REPORT NO(S) (Any other numbers that may be essigned 
this report) 


10 DISTRIBUTION STATEMENT 


meoreved for public release; distribution upamiteas 


11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY 


| | Naval Postgraduate School 
, Monterey Cal Tlornia ooo 





13. ABSTRACT 


Although HMX exists in four ceontounaetena teria: 
meeey, and 6, in the crystalline Stategminemme>t stay 
welymorph at room temperature is the amrorm. |) | 2 theres 
more, this form was used for this study. 


Kinetic data obtained from Differential Thermal Analy -— 
eas (DTA) changes in heating rates andrat msocherina leon. 
ditions showed differences in the observed activation 
energies in the three temperature ranges, namely, 475°-506°K, 
506°-514°K, and above 514°K at one atmosphere. 


Calculations have been made of the rate of reaction as 
perfunction of time in each of these wren per aero ce 
based upon the best available model and compared with the 


exocrimental result, 


er a: 


ren aie eee tpeeeniatin 
DD eo wl473 UNG LASS iiiainen) 


S/N O101-807-6811 6 7 secunty Classification 


340 








DGS S LEED 


Security Classification | | 
= 


HMX 


Differential Thermal Analysis 


Thermal Decomposition 


oF 


, "FORM | i | | 
BE, wovest 4/5 (BACK: UNCLASSIFIED 
G6101-507-682} Security Classification oa hae 


68 














| Thesis 1276466 
72935 Hoondee 

ommal The thermal decompo- 
| sition of B-HMX. 





thesH72935 
The thermal decomposition of (Beta)-HMX. 


Wi 


3 2768 002 06659 9 
DUDLEY KNOX LIBRARY 

















































































































































































































